INTRODUCTION
In the evaluation of conventional oil and gas reservoirs, the distinction between reservoir and seal is clear. For purposes of this article, a conventional reservoir is one in which evidence that buoyant force has formed and maintained the disposition of oil and gas is present. Pore size and pore throats in reservoir rock are large enough to store and deliver economic quantities of petroleum, whereas pore throats in seals are small enough to block the passage of petroleum at the applied level of buoyant pressure. With continued growth in the exploration Figure 2 . Sizes of molecules and pore throats in siliciclastic rocks on a logarithmic scale covering seven orders of magnitude. Measurement methods are shown at the top of the graph, and scales used for solid particles are shown at the lower right. The symbols show pore-throat sizes for four sandstones, four tight sandstones, and five shales. Ranges of clay mineral spacings, diamondoids, and three oils, and molecular diameters of water, mercury, and three gases are also shown. The sources of data and measurement methods for each sample set are discussed in the text. Figure 2 in all cases. Porosity value is the arithmetic average; permeability value is the geometric mean; depth value is the average depth. Further details and references are given in the text. **No. = number of samples. Method: Hg = mercury injection; gas = gas flow; V = both mercury injection and small angle neutron scattering. Model: C = cylindrical capillary; T = tabular; S = spherical in the case of small angle neutron scattering. Statistic: ET = entry threshold; MO = mode; CO = computational; GM = geometric mean; ME = median. 
Abstract
As extraction of oil and gas from poor-quality reservoir rocks becomes more prevalent in the United States, knowledge of the size and character of pore throats and pore space in these reservoirs with respect to their potential for producing hydrocarbons becomes even more important than in the past. This small "world", which ranges from angstroms to nearly a millimeter, is viewed through such tools as the optical microscope, scanning electron microscope, mercury injection and computational chemistry. Permeability provides a length scale that is strongly, but not uniquely, related to pore-throat size. Nor can pore-throat size be determined unambiguously with other techniques. Each method of investigation, whether microimaging, mercury injection or gas-flow experiments, requires a physical model of pore-throat geometry in order to convert the measurements to a microscopic size. The choice of a flow model influences the choice of a statistic (mean, median or single value) to represent pore-throat size in a given sample. Experimental results drawn from past studies are combined into a spatial spectrum to help envision the relations among pore-throat sizes in sandstones, tight sandstones and shales.
It's a small world after all--The pore throat size spectrum Channel sandstones, Travis Peak Fm Luffel et al (1991) Pore throat size computed from permeability and porosity using Katz and Thompson (1986) Pore throat size computed from permeability and porosity using Winland equation (1980) Pore Throat Size ( m) m
Although we specify permeability in units of darcies (D), millidarcies (mD), microdarcies (mD), or nanodarcies (nD), the physical dimension of permeability is the square of length. The permeability scale at the top is compressed so that two decades of permeability correspond to one decade of pore throat size. The two transforms used to compute a pore throat size give different results because the porosity factor differs between the two transforms. The four open circles show the migration of the two extremes and two intermediate permeability values.
Because using permeability data to derive a size presents some problems, other measurement methods will be used in the remainder of this discussion rather than permeability data. Capillary pressure in cylindrical capillary at static equilibrium:
For a mercury-air system and converting to units of psi, um:
At maximum pressure of 60,000 psi D(um) = 213 / 60,000 psi = 0.00355 or D = 3.55 nm (1) fabrication of integrated circuits and (2) biology. Wardlaw and Cassan (1979) measured 27 sandstone samples:
Mean particle size from thin section.
Mean pore size and standard deviation from resin casts of pore space.
Pore throat diameter by mercury injection at threshold pressure and at 50% mercury saturation.
The next slide shows their data on a plot similar to their original publication, where d50 represents the pore throat size at 50% mercury saturation and dT represents the size at entry pressure.
The following slide shows their data plotted on the pore throat size spectrum. These data represent good quality reservoir sandstones. Pore throat sizes for tight gas sandstones are plotted on the pore throat size spectrum --values are generally less than one micrometer. Summary: Pore throat sizes in siliciclastic rocks form a continuum from around 20 um to less than 0.005 um. The smallest detectable mean pore throat sizes are roughly ten times the diameter of water and methane.
o Exploitation of tight gas sandstones and shales requires access to smaller and smaller pore spaces within the pore-size spectrum.
It is hoped that this overview provides a useful perspective on these new developments.
